The source of RSPaV-SY was a field selection of V. vinifera L. variety Syrah exhibiting weak growth and red canopy with an enlarged scion trunk immediately above the graft union. Prior to sacrificing the grape plant, canes were collected and two-node cuttings were rooted and maintained in a greenhouse as source plants.
Extracts of leaf petioles were tested for RSPaV, grapevine leaf roll-associated viruses -1, -2, -2 redglobe, -3, -4, -5, -7, and -9; grapevine viruses -A, -B, and -D; grapevine fanleaf virus, Arabis mosaic virus, and tomato ringspot virus in a onestep RT-PCR assay [9] ; only RSPaV was identified.
Double-stranded RNA was purified from bark tissues and leaf petioles [11] and a dsRNA of ca. 8.7 kbp in size was detected, which was used to construct a cDNA library [12] . Complementary DNA clones were d(A) tailed [13] and cloned into the Topo TA cloning vector (Invitrogen-Life Technologies). Selected clones were sequenced on both sense and anti-sense strands using vector primers T7 and T3. Existing gaps were completed using specific PCR primers designed based on known nucleotide sequences. The 5 and 3 terminal sequences were obtained using a 5 rapid amplification of cDNA ends kit (Invitrogen-Life Technologies) and RT-PCR with oligo d(T)-priming, respectively. Sequence data were analyzed using the BLAST program of the National Center for Biotechnology Information (NCBI). For primer design and ORF search, the DNAsis Max Program package version 2.0 (Hitachi software Engineering Co., Middlesex, UK) was used. The RSPaV-SY sequence was assigned the accession number AY368590 in GenBank.
The complete genome of RSPaV-SY was 8,725 nt long and had a genome organization similar to RSPaV with six ORFs ( [12] ; Fig. 1 ). The RSPaV-SY nucleotide sequence showed a genomic sequence identity of 77% to each of the previously published sequences of four other RSPaV isolates (RSPaV, RSPaV-1, RSPaV-BS, and RSPaV-SG1) [7, 8, 12] ; these four isolates were more closely related to each other than to RSPaV-SY, sharing a genomic sequence identity varying from 83% between RSPaV-BS and RSPaV-SG1 [8] and 98% between RSPaV and RSPaV-1 [7, 8] . The coat protein gene (ORF 5; see Fig. 1 ) of RSPaV-SY For the comparison, fragments of the replicase gene were amplified by RT-PCR using primers P-35F/P-43R or PN-1F/RR-43, and the overlapping 664-nt fragments were used in the phylogenetic analysis of ORF 1 (A). For the coat protein analysis, fragments were obtained with primers RSP-49C and CP-1F (Table 1 ). However, due to difficulties in sequencing this product in some isolates, an internal forward primer, CP-3F, was designed based on sequences of several isolates and used on the remaining isolates. Complete sequences of the resulting products (670 nt in length) were utilized in the phylogenetic analysis of the coat protein (B). Apricot pseudo-chlorotic leaf spot virus [APCLSV (AY713379)] in the genus Trichovirus was used as an out group. The phylogenetic trees were generated by the Mega 2.1 program, with assistance of the Clustal X and Genedoc programs. Horizontal distances are proportional to sequence distances. The dendrogram was bootstrapped 1000 times. Bootstrap scores are on relevant horizontal branches. Branches with less than 50% bootstrap support are presented as polytomies. RSPaV isolates used in this investigation were from the following grape selections and the corresponding database accession numbers (replicase, shared the highest nucleotide and amino acid identities (83-84% and 91-92%, respectively) with other RSPaV sequences in the database [7, 8, 12] , while the replicase gene (ORF1) shared the least sequence identity (75-76% and 85% at the nucleotide and amino acid levels, respectively). The most significant variation occurred in a region of 331 amino acid residues located between methyltransferase (MTR) and protease (PRO) conserved domains (See Fig. 1 -ORF1 dotted line) . Amino acid sequence identity in this region was only 52-54% between RSPaV-SY and RSPaV/RSPaV-1, RSPaV-BS and RSPaV-SG1. The RSPaV-BS and RSPaV-SG1 variants shared 74 and 73% amino acid identity with RSPaV, respectively, in this region of ORF1. In contrast to the replicase gene, the 5 and 3 untranslated regions of the RSPaV-SY and these other RSPaV isolates shared 91-96% and 91-92% nucleotide identities, respectively. Further comparisons of the replicase gene between RSPaV-SY and the type virus of the genus Foveavirus, apple stem pitting virus (ASPV) [1] revealed 59% nucleotide and 42% amino acid identities. Phylogenetic analyses of ∼650-nt regions of both the replicase and coat protein genes ( Fig. 1) were performed to determine the relationships between RSPaV-SY and 27 other RSPaV isolates from different grape varieties in a UC Davis collection (see legend Fig. 2) . Analysis using the replicase gene sequence revealed that the RSPaV isolates segregated into four branches (Fig. 2A) . The first branch was comprised of 22 isolates, including the previously sequenced RSPaV and RSPaV-1 isolates (which shared very close nucleotide identity of 98% of their complete genome). RSPaV-SY isolate, which has shown significant variability on the ORF1, clustered with only two other isolates, PN-53 and CH-S4G (branch 2). Branch 3 is formed by RSPaV-BS and VA-01 isolates, and RSPaV-SG1 with four other isolates was clustered on the fourth branch. The phylogenetic tree generated from the more conserved coat protein sequence differed to some extent in the groupings evident in the replicase sequence tree (Fig. 2B) . Two main groups of isolates were identified in this analysis. One was formed by 17 isolates (branch 1) and the other by 9 isolates (branch 4). Most of the isolates in branch 1 were grouped together in both phylogenetic analyses. Branch 4 of this tree contained isolates from branches 2, 3 and 4 of the replicase gene tree. Overall, the RSPaV-SY sequence clustered with few of the other isolates in the collection and, in this regard, the previously reported genomic sequences also represent different phylogenetic groupings. Within either of the phylogenetic trees, the clustering reflected neither the geographic regions of isolation nor the grape varieties from which the isolates were made.
To investigate incidence of RSPaV-SY isolate in commercial vineyards, by RT-PCR, two pairs of primers targeting two different genes were used ( Fig. 1 ; Table 1 ). One set of primers, RSP 48V/49C, was designed from a more conserved region (coat protein) and used as RSPaV-universal primers, which amplified a 331-bp fragment. The second pair, SY9F/SY8R, was designed from a more variable region (replicase gene) of the RSPaV-SY, which specifically detects this strain, and amplified a fragment of 628 bp. Among 383 plants tested, including 70 Syrah plants, 245 (64%) tested positive using RSPaV-universal primers (48V/49C); 59 of the positives were Syrah plants. Using the RSPaV-SY-specific primers (SY-9F/SY-8R), 36 (14.7%) of the RSPaV-positive samples were also positive for RSPaV-SY, including 29 of the positive specimens from Syrah plants. Thus, roughly half of the diseased Syrah plants, but very few of the other infected grape varieties (7/186), were infected with the SY strain. To confirm the specificity of the RSPaV-SY primers, twenty of the amplicons generated by these primers were sequenced and found to share about 90% nucleotide identity to RSPaV-SY and about 73% to RSPaV sequences in the database. Among the Syrah specimens in the collection tested, four asymptomatic plants (without any canopy symptoms) were included in these assays and all of the four plants tested positive for the 48V/49C universal and one for RSPaV-SY (SY-9F/SY-8R) specific primers. Research is continuing to investigate the correlation between the virus and the disease.
